The paper tests the effectiveness of financial soundness indicators (FSIs) as harbingers of banking crises, using multivariate logit models to see whether FSIs, broad macroeconomic indicators, and institutional indicators can indeed predict crisis occurrences. The analysis draws upon a data set of homogeneous indicators comparable across countries over the period 2005 to 2012, leveraging the IMF's FSI database. Results indicate significant correlation between some FSIs and the occurrence of systemic banking crises, and suggest that some indicators are precursors to the occurrence of banking crises. 
I. INTRODUCTION
Capturing early warning signals of potential financial or banking sector shocks has become increasingly important since the outbreak of the global financial crisis in 2007. In this regard, a critical need has arisen to test current regulatory tools and health indicators of the financial and banking sectors, and also to see how they can be improved.
Financial Soundness Indicators (FSIs) comprise of a set of indicators that measure the health of a country's financial system. In principle, the evolution of these indicators should indicate potential vulnerabilities of the financial sector and point out possible weaknesses, thereby functioning as tools of macroeconomic policy. However, in light of the recent crisis, it is clear that FSIs have not been used extensively for this purpose.
This paper tests the effectiveness of FSIs as indicators of potential banking crises, using multivariate logit models to see whether FSIs, broad macroeconomic indicators, and institutional indicators can indeed predict crisis occurrences. A two-stage model is estimated to test whether volatility in indicators is correlated with the occurrence of crisis events: in the first stage, linear regressions are run on FSIs against a time trend by country and residuals obtained; in the second stage logit regressions are run on banking crisis events against the FSI residuals, lagged year-on-year differences in macroeconomic indicators, and a composite governance indicator.
Following Laeven and Valencia (2012) , banking crises are defined as systemic if: i) there are significant signs of distress in the banking system, evidenced through bank runs, losses or liquidations; and ii) there are significant banking policy intervention measures in response to losses in the banking system. The banking crisis variable used in the analysis is a binary variable encoded as '1' if a systemic banking crisis occurs in a given year, and a '0' otherwise.
The results indicate significant correlation between some FSIs and crises: specifically, regulatory capital to risk-weighted assets (CAR) and return on equity (ROE) show significant negative contemporaneous correlation with the occurrence of banking crises. Additionally, lagged ROE is a significant leading indicator of crises. While the sample period of this analysis corresponds to the global financial crisis of 2007, these results mirror the findings of Čihák and Schaeck (2007) , who perform an analysis of global crises over the 1990s. This paper is the first to make use of a data set of FSIs collected under an internationally accepted methodology. The use of a coherent consolidation basis methodology ensures that financial sector risk exposure within and beyond each country's economic territory is accurately measured by the indicators. Importantly, this means that FSIs are sensitive to economic and financial sector shocks that extend beyond a given domestic economy. Unlike any previous literature on FSIs, consistent accounting, aggregation and consolidation principles also allow better cross-country comparability of FSIs. While consolidation bases can differ by country, the data are comparable across countries because all significant sources of financial risk are covered at the country level.
Additionally, this paper tests the usefulness of a broader set of FSI indicators than previously tested in existing literature. While currently available data allow an analysis of 6 core FSIs in this paper, the IMF collects data on 12 core and 28 encouraged FSIs, forming a rich basis for future research. As we run reduced-form models, we stress that the results indicate correlations between FSIs and crises, and we do not establish causality by estimating a derived structural model.
A number of studies exist on the determinants of banking crises. Demirgüç-Kunt and Detragiache (1998) use a multivariate logit model to explore which macroeconomic indicators are associated with the emergence of banking crises. Their results suggest that crises tend to occur in an environment of low growth, high inflation, and high real interest rates. Interestingly, they also find that countries with explicit deposit insurance schemes are particularly at risk.
The first study on the use of FSIs as indicators of potential banking sector crises is provided by Čihák and Schaeck (2007) . They run the first tests on the ability of FSIs to explain the emergence of banking crises. However, they use FSIs that were not compiled under a commonly accepted international methodology. Therefore, some FSIs are not strictly comparable.
2 Similar to Demirgüç-Kunt and Detragiache (1998), they run a multivariate logit model, but they include FSIs as explanatory variables in addition to macroeconomic indicators. They find that the CAR and the NPL ratio provide signals for systemic banking problems, and that the ROE of banks serves as an indicator for the timing of a crisis.
Following the pioneering work of Čihák and Schaeck (2007) , Babihuga (2007) tests FSIs against a number of macroeconomic indicators and finds that FSIs fluctuate strongly with the business cycle and the inflation rate. Sun (2011) investigates FSIs at the individual bank level for a list of global financial institutions, and finds that leverage indicators are the most reliable.
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Other studies look at the relationship between firm-specific indicators and financial stability. Bunn and Redwood (2003) use a probit model to assess the determinants of failure amongst UK companies, where their explanatory variables include firm-specific factors and macroeconomic conditions. They find a negative relationship between profitability and corporate failure, and a positive relationship between the debt to assets ratio and the probability of failure. By industry, they find that firms in the services sector are less likely to fail than those in manufacturing and utilities. Bonfim (2009) studies credit risk drivers in a panel data set of Portuguese firms, and finds that both firm-specific and macroeconomic conditions are important determinants of default probabilities over time.
The remainder of the paper is organized as follows. Section II discusses the usefulness of FSIs in the context of financial stability. Section III describes the data used in the econometric analysis. Section IV provides an overview and descriptive statistics of the data. Section V focuses on the empirical model and presents estimation results. Finally, Section VI concludes and discusses directions of further research.
II. FSIS AND FINANCIAL STABILITY
FSIs are aggregate measures of the health of a country's financial sector that comprise a key and integral part of a regulatory authority's macroprudential surveillance toolkit. The collection of FSIs dates back to 1999, when the IMF and the World Bank launched the Financial Sector Assessment Program (FSAP) to monitor financial system fragility. A subset of FSIs was collected as part of the FSAP, but inconsistency in the data collection methodology hindered cross-country comparisons of data. Following broad consultations in 2000, the IMF, in collaboration with the International Accounting Standards Board (IASB), the Bank for International Settlements (BIS), the Basel Committee for Banking Supervision (BCBS), and other international and regional organizations drafted a guide on concepts, definitions, data sources, and techniques for FSI compilation.
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A consistent set of guidelines has since been established in the Financial Soundness Indicators Compilation Guide published in 2006 (FSI Compilation Guide) and its amendments, 5 and the IMF maintains an expanding database of countries that adhere to the methodology and standards specified in the guide. As the regional coverage of FSIs and the number of indicators increase, key regulatory concerns are whether FSIs are effective forward-looking indicators of financial sector distress, and if so, which FSIs are particularly effective.
FSIs are split into two sets of core and encouraged indicators, and currently 80 countries report FSIs on a regular basis to the IMF. 6 The core FSIs are collected by all the reporting countries while encouraged indicators are collected on a country-by-country basis depending on financial sector sophistication and data availability. There are 12 core FSIs that span deposit-taking institutions, and these FSIs cover capital adequacy, asset quality, earnings and profitability, liquidity, and sensitivity to market risk. 7 Additionally, there are 28 encouraged FSIs defined for deposit-taking institutions, other financial corporations, nonfinancial corporations, households, market liquidity, and real estate markets.
The introduction of Basel III in response to the rapidly changing financial environment has resulted in some key forward-looking redefinitions of core and encouraged FSIs. These revisions are led by the IMF in close collaboration with a broad-based group of experts, international standard setting bodies, FSI-reporting countries, and concerned international organizations.
8 Basel III has placed a greater emphasis on common equity in regulatory capital calculations, and the method of measuring the capital base has changed in favor of a narrower definition. In addition, a new counter-cyclical buffer has been introduced. With regard to liquidity standards, Basel III has introduced two internationally harmonized global standards-the liquidity coverage ratio and the net stable funding ratio-as complements to the capital adequacy requirements. Further forward-looking revisions enhance the usefulness of FSIs by including distribution and concentration measures.
The fundamental value of FSIs lies in their properties potentially to indicate overall distress within a banking sector, and in their ability to differentiate between strong and weak banks through comparisons across indicators. FSIs for individual institutions would in principle help country authorities to address emerging issues in time. In addition to their signaling value, FSIs are useful tools for monitoring the overall health of a given banking sector. Even though defaults are likely to occur in the weaker institutions of the banking sector, a systemic crisis is likely to affect aggregate measures of the entire sector's health. Therefore, FSIs should be correlated with crisis episodes or banking sector shocks, and this paper examines which indicators exhibit the highest levels of correlation with past crises. Further, it explores whether some FSIs can be leading indicators of crises.
III. DATA

A. FSI and Macroeconomic Data
The core data set used in this study comprises of 80 countries that report FSIs to the IMF between 2005 and 2012. 9 The majority of the FSI reporting countries are European, and only 6 percent are African. Six FSIs are used in the econometric analysis, including CAR, NPLs net of provisions to capital, NPL ratio, ROE, interest margin to gross income, and noninterest expenses to gross income. While the IMF collects data for a larger set of core and encouraged FSIs, data limitations preclude an analysis of the remaining indicators. Further, while the first data points are available in 2005, some countries in the sample do not report FSI data until 2008.
Annual FSI data for core and additional indicators are combined with macroeconomic indicators-GDP growth, broad money to international reserves ratio, inflation rate, credit to the private sector, current account balance to GDP ratio, real effective exchange rate, sovereign credit default swap spreads, and the monetization ratio 10 -taken from the IMF's International Financial Statistics database (IFS), the World Bank's World Development Indicators database (WDI), and Bloomberg.
Additionally, governance indicators are added to the data set to account for cross-country institutional differences. Three indicators that are likely to have an impact on the banking sector-regulatory quality, rule of law, and control of corruption-are taken from the World Bank's Worldwide Governance Indicators. Each indicator is normalized with a mean zero and a standard deviation of one. As the indicators are highly correlated, a composite index is created as the unweighted average of the three indicators for econometric analysis. The overall choice of macroeconomic and governance variables is driven by the existing empirical literature on the determinants of financial and banking crises, as well as data availability considerations.
The dependent variable in this analysis is a binary outcome indicating the occurrence of a banking crisis as described in Laeven and Valencia (2012) . They describe a banking crisis as systemic if two conditions are met: 1) there are significant signs of distress in the banking system, evidenced through bank runs, losses or liquidations; and 2) there are significant banking policy intervention measures in response to losses in the banking system. Following Boyd et al. (2009) , this paper also defines a banking shock as a significant annual decrease in gross loans outstanding, taking thresholds of 10 percent and 20 percent over the 9 See Appendix IIA for details. 10 The monetization ratio is defined as the ratio of broad money to GDP. Detailed variable definitions are given in Appendix VII.
period 2005-12. The authors pick this threshold on the basis that a policy response does not indicate the beginning of a crisis, but rather occurs with a significant time lag after a crisis begins. The details of crisis episodes using these two methods are identified in Appendix III. Notably, there is very little overlap in systemic crisis episodes identified between these methods, as Boyd et al. (2009) 
The core data set is combined with additional FSI data collected for the IMF's Global Financial Stability Report (GFSR) to create an extended data set covering 108 countries over the same time period.
11 Two sets of data are also collected for analysis on a temporal basis, an annual data set and a quarterly data set. Details on data collection and the treatment of data gaps are given in Appendix V.
B. Consolidation of FSI Data
Financial systems are complex, and financial risks and exposure may span multiple economic territories. It is important to ensure that data are consolidated to capture financial exposure that may extend beyond a given country's economic territory. Allowing a country to select the correct consolidation basis ensures a more holistic coverage of the financial sector on a country by country basis.
FSI are compiled using a consolidation methodology that is specified under the FSI Compilation Guide. There are five consolidation bases, namely: Domestically Consolidated (DC); Domestically Controlled, Cross-border, Cross Sector (DCCBS); Domestically Controlled, Cross-border (DCCB); Cross-border, cross-sector consolidation basis for all domestically incorporated entities (CBCSDI); and Cross-border consolidation basis for all domestically incorporated entities (CBDI). The most commonly used of all consolidation bases is DC, which refers to all deposit-taking entities (subsidiaries or branches) operating within the domestic economy. The other consolidation bases include deposit-taking foreign branches and subsidiaries; other branches and subsidiaries in financial intermediation beyond deposit-taking; and differentiate between domestically controlled and foreign controlled entities.
It is important to note that the use of different consolidation bases does not make FSI data incomparable across countries.
12 A country selects the most appropriate consolidation basis according to its financial system infrastructure, and a country may opt for a given consolidation basis simply because it estimates that its risk exposure across other dimensions is not significant. For example, advanced economies are likely to have significant cross-country exposure and significant exposure beyond deposit-taking institutions. These economies use the CBCSDI consolidation basis, which covers financial sector risks across borders and across sectors for all domestically incorporated financial institutions. Conversely, developing economies are likely to have most financial exposure concentrated within the domestic economy, and consequently use the DC consolidation basis.
The recommended consolidation bases within the FSI Compilation Guide are CBCSDI and DCCBS, as these have the largest coverage across sectors and borders. Figure 1 illustrates the distribution of consolidation bases by per-capita income across FSI reporting countries, which is likely to be correlated with the degree of financial system sophistication. 
IV. SUMMARY STATISTICS
A. A Comparison of Crisis and Non-Crisis Countries
In contrast to previous periods of banking sector fragility across the world, banking crises over the decade 2000-09 were concentrated in European countries ( Figure 2 ). European countries have seen a steady increase in banking sector fragility since the 1980s, when they enjoyed the highest levels of banking stability. Almost three-quarters of all financial crises experienced over the decade 2000-09 were experienced in Europe. Of these crises, 55 percent occurred within Euro area countries. The extraordinary turmoil during this decade was also concentrated in 2008, when three-quarters of the crisis events occurred. Non-crisis countries Crisis countries
Return on equity
Notes & Sources: Graphs plot percent indicators versus years. FSI data from IMF database; banking crises are defined according to Laeven and Valencia (2012) . Panels include: regulatory capital to risk-weighted assets; regulatory tier-1 capital to risk-weighted assets; non-performing loans net of provisions to capital; nonperforming loans to total gross loans; return on assets; return on equity; non-interest expenses to gross income; and liquid assets to short-term liabilities. FSI data are based on 80 reporting countries. Outliers in the 1 st and 99 th percentile are excluded. Ukraine is excluded due to significant changes in methodology.
NPLs net of provisions to capital and the NPL ratio increased more rapidly in crisis countries after the 2007 banking crisis, and showed a sustained increase over subsequent years. Return on assets (ROA) and return on equity (ROE) were higher in non-crisis than in crisis countries, although both indicators declined prior to the beginning of the crisis. Non-interest expenses to gross income were higher in crisis countries, and the gap between the two groups increased during the crisis. Crisis countries had better coverage of liquid assets to short-term liabilities (liquidity coverage ratio), although both groups had liquidity coverage ratios below one.
With the exception of the liquidity coverage ratio, the above indicators are aligned with the theory and the existing literature. Non-crisis countries enjoy higher levels of liquid assets, but also maintain higher exposure to short-term liabilities than crisis countries. The liquidity coverage ratio is explained by the fact that crisis countries keep a higher relative level of liquid assets to cover liabilities than non-crisis countries. Within a signaling framework in a world of imperfect information, better banks are able to signal their quality through their performance and the levels of their indicators. A possible explanation for the higher liquidity coverage within crisis countries may be credit rationing. Given that weaker banks are likely to be credit rationed in the event of short-term liquidity shocks, weaker banks may be forced to maintain higher liquidity coverage ratios to overcome any shocks.
In comparison to Čihák and Schaeck (2007) , NPL ratios and ROE follow similar patterns. Counter-intuitively, Čihák and Schaeck find that regulatory capital levels are higher in crisis than non-crisis countries within their sample. 
B. Description of Core FSIs
The core FSIs used in the analysis exhibit a number of interesting patterns by region and income group. Capital adequacy levels were lowest in high income countries over the sample period. By region, CAR was lowest in Europe and highest in the MENA and Central Asia regions. NPLs net of provisions to capital levels were highest in low and middle-income countries before the crisis, but were surpassed by levels in high-income countries after the start of the crisis. Both NPLs net of provisions and the NPL ratio declined at the beginning of the crisis but subsequently increased across all regions and income groups.
ROE declined consistently during the crisis years, most visibly in Europe. ROE was consistently higher in low and middle-income countries between 2005 and 2012, and was highest in sub-Saharan Africa. Without exhibiting any clear patterns by region, interest margin to gross income showed an increasing trend throughout the sample period. Noninterest expenses to gross income ratios suggest that banks were more efficiently run in low and middle-income countries than in high-income countries as measured by this metric. Appendix IV gives summary statistics of the core FSI indicators used in this paper by income and region. WDI definitions are used to classify countries by income, and IMF regions are used for regional classification.
V. ECONOMETRIC ANALYSIS
The econometric analysis in this paper assumes that the true likelihood of a financial or banking crisis y is a function of a set of industry-specific indicators Z, and economy-wide indicators X as given by: To test the early warning properties of selected FSIs, this paper estimates a multivariate logit model to predict banking crises, where the likelihood of observing a crisis in country i at time t is modeled as a function of macroeconomic indicators and selected FSIs.
The dependent variable is encoded as a '1' if a crisis event occurs and as a '0' for a non-crisis period. The explanatory variables include a set of FSIs, as well as macroeconomic indicators. 15 Due to data constraints, the sets of FSIs and macroeconomic variables are limited. Six core FSIs are included in the analysis which measure capital adequacy, asset quality, and earnings and profitability. Due to the incidental parameters problem, maximum likelihood estimates are inconsistent for a fixed effects logit model with fixed time T.
16 For a dependent variable y it , Chamberlain (1980) shows that is sufficient for the incidental parameters, which correspond to the time invariant effects. However, the distribution of data conditional on S excludes all countries that do not experience any crisis over the sample period.
17 Following Demirgüç-Kunt and Detragiache (1998), this paper excludes country fixed effects to avoid selecting a biased sample of only countries that experienced crises.
Additionally, crisis episodes are concentrated around 2008 within the data set. This restricts the ability of the model to include time dummies as maximum likelihood estimates are unbounded for all years during which a crisis does not occur. For example, if there are no crisis events in 2005, then the probability of a crisis is zero, and the log-odds ratio is unbounded. Any other variables over which complete or partial separation occurs are also excluded, where separation refers to a rule that can partition the data set into two distinct crisis and non-crisis subsets for a given explanatory variable. For the above reasons, the paper selects a multivariate pooled logit model.
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Model estimation is carried out in two stages. In the first stage, regressions are run on FSIs against a time trend by country and residuals obtained. In the second stage, logit regressions are run on banking crisis events against the FSI residuals and lagged year-on-year differences in macroeconomic indicators and the governance composite indicator. This model specification tests whether volatility in indicators is correlated with the occurrence of crisis events, while correcting for time trends in the data. Year-on-year differences in FSIs are not used due to data constraints: of the countries that experience banking crises, many only start reporting FSIs on the year during which the crisis occurs.
Results
The results indicate significant correlation between some FSIs and crises; specifically, CAR and ROE show significant negative contemporaneous correlation with the occurrence of banking crises. Additionally, lagged ROE is a significant leading indicator of crises. While the sample period of this analysis corresponds to the global financial crisis of 2007, these results mirror the findings of Čihák and Schaeck (2007) , who perform an analysis of global crises over the 1990s.
Logit model results are given in Table 1 for 80 countries that compile and report FSIs to the IMF following a consistent accounting and consolidation methodology. Estimates are given for six FSIs: CAR, NPLs net of provisions to capital, NPL ratio, ROE, interest margin to gross income, and non-interest expenses to gross income. Results are presented from an initial parsimonious specification in models I and II that includes common macroeconomic indicators and the composite governance indicator. Models III and IV expand the list of independent variables to include contemporaneous FSIs, and models V and VI include FSIs lagged by one period. Due to multicollinearity, regressions including both FSIs and lagged FSIs are not estimated. 19 There is significant variation in the number of crises included in models I through IV, and models V and VI respectively, due to data limitations. The regressions in models V and VI are therefore less indicative as they include almost half the number of crisis observations in models I through IV.
Model results show correlation between some FSIs and banking crises. The CAR, ROE and non-interest expenses to gross income show significant contemporaneous correlation with the occurrence of crises, and additionally, lagged ROE is a significant leading indicator of banking crises. Consistent with theory, the coefficients of CAR and ROE are negative, indicating that a decline of each of these FSIs corresponds to a potential crisis. The coefficients also suggest that small changes in CAR have large effects on the probability of default. Results also indicate that an increase in non-income expenses to gross income corresponds to a higher likelihood of banking crises. The coefficient of lagged ROE is positive, consistent with the theory that periods prior to banking crises correspond to high returns and high concomitant risk within the banking sector.
Of the macroeconomic control variables, inflation, monetization and the ratio of broad money to international reserves are positive and significant in some model specifications. However, no macroeconomic variables are consistently significant in all models. The composite governance indicator is insignificant.
Logit model results are presented in Table 2 for three indicators that are included in the IMF's Global Financial Stability Report (GFSR). FSIs for an additional 28 countries are combined with the core FSI data set for a total of 108 countries. The additional FSIs are not guaranteed to follow a consistent methodology as followed within the core FSI data set, but the models are estimated due to the additional coverage by region and by size of economy over time. The FSIs included are CAR, NPL ratio and ROE. Similar to the core FSI data set, six model specifications are estimated.
Results of the analysis based on the extended data set suggest that CAR, NPL ratio and ROE for depository corporations provide signals of the likelihood of occurrence of banking crises. Of the lagged variables, only ROE seems to be an early warning indicator. The NPL ratio is significant with a negative sign, and may indicate the refinancing of loans or a transfer of poor quality loans off balance sheet during restructuring measures taken during periods of heightened distress. Of the macroeconomic control variables inflation and credit to the private sector are significant in some model specifications. No macroeconomic control variables are significant across all model specifications, and the composite governance indicator is insignificant across all specifications.
The performance of the logit regressions is assessed based on model chi-squared and Akaike's Information Criterion (AIC). The chi-squared suggests that the null hypothesis that all partial slope coefficients are equal to zero can be rejected for all model specifications of Tables 1 and 2 . The AIC penalizes regression models for adding regressors, and the model with the lowest AIC is preferred. According to the AIC, specifications including FSIs tend to perform better than specifications without FSIs. All model specifications have a strong capacity to classify non-crisis events, but do not accurately classify crisis events. However, the classification accuracy of crisis events jumps significantly for model specifications that include FSIs in comparison to those specifications that do not include FSIs. The performance suggests that FSIs add predictive power beyond estimates obtained solely using macroeconomic indicators.
Robustness
In addition to annual data, the analysis has been conducted using a quarterly data set over the period 2005 Q1 through 2012 Q4 for both FSI reporting countries and the GFSR set of countries. The results are in line with those given in Tables 1 and 2. In addition to testing differences in FSIs, models are estimated to test the ability of FSI and macroeconomic variable levels to predict banking crises. Logit estimates are consistent but inefficient if there is time dependence, and Poirier and Ruud (1998) show that standard errors are wrong. This paper corrects the standard errors by using robust standard errors clustered around observations by country. Additionally, the duration since the last crisis and the number of past crises in each country since 1970 are included as explanatory variables.
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CAR and ROE remain significant in these models.
Additional robustness tests were conducted by including regional dummy variables, the Volatility Index (VIX), the ratio of external debt to GDP, and return on assets. Regional dummy variables and the VIX were dropped from the analysis due to separation within the annual data set. For example, there are no crisis observations within the Asia and Pacific, Middle East and Central Asia, and sub-Saharan Africa regions.
21 External debt to GDP is insignificant, and is dropped from the results as both the coefficient and standard error are quite large, indicating convergence problems. Return on assets is dropped from the analysis due to a strong positive correlation with return on equity.
A comparison of the same regression specifications as Čihák and Schaeck (2007) is given in Table 3 . The Results show that contemporaneous CAR and NPL ratio, and lagged CAR and ROE for deposit taking institutions have significant explanatory power. Of the macroeconomic control variables, M2 to international reserves, real GDP per capita, and GDP growth are significant in some specifications. In contrast to Čihák and Schaeck (2007) , the coefficient on lagged ROE is positive and the coefficient on contemporaneous NPL ratio is negative.
VI. FINAL REMARKS
Our analysis adds to the burgeoning literature on the usefulness of FSIs. The analysis is the first to make use of a data set of FSIs collected under an internationally accepted methodology. Consistent accounting, aggregation and consolidation principles allow crosscountry comparability of FSIs, and a coherent consolidation basis methodology ensures that indicators are sensitive to financial sector risk exposure both within and beyond each country's economic territory.
By estimating a simple multivariate logit model on FSI indicators and macroeconomic control variables, the paper demonstrates that FSIs are contemporaneously correlated with the occurrence of banking crises. Specifically, CAR and ROE show a negative correlation with crisis episodes across a number of model specifications. The analysis also indicates that 20 An alternative solution as shown by Beck et al. (1998) is to include a series of dummy variables marking the number of periods that have passed since the last crisis occurrence in each country. This specification is argued to be equivalent to a duration model. This solution is not adopted as the crisis variable is completely determined for a subset of the dummy variables. 21 There are no crisis observations within the core data set for sub-Saharan Africa, but Nigeria is included in the extended data set. Observations for Kazakhstan are dropped in 2007 as FSIs are outliers in the 99.5 th percentile.
lagged ROE may be a leading indicator of banking crises. These findings resonate with Čihák and Schaeck (2007) .
While the results offer support for the usefulness of FSIs, the analysis was hampered by a lack of sufficient data to include a larger set of core and encouraged FSIs. Coverage of core and encouraged FSIs is limited by gaps in historical reporting of FSIs, and in many countries consistent reporting only begins after 2008. The analysis would benefit from compilation of historical FSI data for all countries with data gaps prior to the banking crisis shock. Macroprudential regulation and future research on FSIs will also benefit from increased coverage of FSIs across countries and across various sectors within financial intermediation going forward, as well as a longer time-series of data. Laeven and Valencia (2012) . ***, **, and * are levels of significance at 1%, 5% and 10% respectively. Robust standard errors are given in parentheses. 1 st and 99 th percentiles of observations are excluded from the analysis. FSI variables are residuals from country-by-country regressions of FSIs to a time trend. Models III and IV include contemporaneous FSIs and Models V and VI include FSIs lagged by one period. All macroeconomic variables are year on year differences lagged by one period. The composite governance indicator is the unweighted average of regulatory quality, rule of law and control of corruption. Macroeconomic variable definitions are given in Appendix VII. Laeven and Valencia (2012) . ***, **, and * are levels of significance at 1%, 5% and 10% respectively. Robust standard errors are given in parentheses. 1 st and 99 th percentiles of observations are excluded from the analysis. Model numbers correspond to models in Čihák and Schaeck (2007) , Table 4 . Models IV, VI, VIII and X are excluded due to data constraints for corporate ROE and debt/equity FSIs. Broad money growth is incomplete for a number of countries. Broad money is calculated using IMF IFS data for countries where data are missing, using the formula:
Broad money = Net Foreign Assets + Domestic Claims -Other Items Net
Data from Standard Report Form (SRF) countries are combined with data from non-SRF countries using a butt-splice methodology, as this methodology allows for the longest data series.
Monetization Ratio of Broad Money to GDP for SRF countries. Ratio of Narrow Money and Quasi Money to GDP, for Non-SRF countries.
IMF IFS database
Real Exchange Rate The purchasing power of a currency relative to another.
Institutional Indicators
Regulatory Quality Perceptions of government ability to formulate and implement sound policies and regulations that promote private sector development.
WGI (World Bank) Governance Indicators
Rule of Law Perceptions of the extent to which agents have confidence in and abide by the rules of society, and the quality of contract enforcement.
Control of Corruption Perceptions of the extent to which public power is exercised for private gain, including both petty and grand forms of corruption.
WGI (World Bank) Governance Indicators
